Introduction
============

The diets of the most socially disadvantaged individuals in industrialized countries are characterized by low intakes of fruit and vegetables and by poorer nutritional quality overall ([@b1]). This is partly explained by the high price-per-calorie ratio of fruits and vegetables compared with that of high-fat and high-sugar products ([@b2], [@b3]). Socially disadvantaged individuals perceive food prices as a barrier to adopting healthier diets ([@b4], [@b5]). It is especially important for these populations to develop strategies to achieve good nutritional quality with a small budget. An intervention targeting socially disadvantaged populations must take into account their actual beliefs and expectations. A co-construction approach is thus recommended, involving participants at each step of the intervention to maximize its impact ([@b6], [@b7]).

It is more difficult to have a balanced diet with a low food budget ([@b8]), and a minimal food budget (estimated at ∼3.5€ ⋅ d^−1^ ⋅ person^−1^ in France) is strictly needed to design diets that are both nutritious and socially acceptable ([@b9], [@b10]). When the food budget is low but above this critical threshold, designing a balanced diet involves favoring a selection of foods with good nutritional quality for their price ([@b11]). In addition, for a given food product, replacing national brands with generic products can lower cost without impairing nutritional quality. Previous studies show that branded products are 2--4 times more costly than generic products with equivalent nutritional contents ([@b12], [@b13]).

Experimental economics is a powerful method for evaluating the impact of a public policy. The principle of experimental economics is to bring participants revealing their real choices by using incentive-compatible mechanisms ([@b14]). In nutrition, experimental economics has been used for ex ante evaluations of policies such as taxes and subsidies or nutritional labeling systems ([@b15]--[@b18]).

Evaluating the impact of an intervention is a key step that must be rigorous, feasible, and controlled ([@b19], [@b20]). However, the methodology generally used to evaluate nutrition prevention interventions has limitations as a result of declarative and social desirability bias ([@b21]--[@b23]). To reduce such bias, this study implemented a framed field experiment ([@b24]) to evaluate the impact of the intervention on food purchasing behavior.

The Opticourses project is multifactorial, territorial, and participative. Opticourses was implemented in disadvantaged neighborhoods in Marseille, France, with the aim to improve the nutritional quality of food purchases in populations with budgetary constraints ([@b25], [@b26]). The project addressed both the supply side, through an in-store intervention ([@b27]), and the demand side, through a prevention program based on participatory workshops. By focusing on household food supply (a daily activity that most adults are familiar with and feel able to handle), the Opticourses program is engaging and pragmatic, in accordance with the principles of health promotion ([@b28]). In the present study, the objectives were to describe the co-construction of the Opticourses program with participants in deprived social situations and, based on experimental economics, to evaluate its impact on the nutritional quality and cost of household food purchases.

Methods
=======

Population characteristics
--------------------------

Socioeconomically disadvantaged individuals were recruited from community centers (*n* = 9) and health and care centers (*n* = 2) whose staff showed interest in the intervention and motivation for involvement. All of the facilities were located in socioeconomically deprived districts of Marseille, France. Participants volunteered to take part in an intervention that included a set of five 2-h workshops on diet and budget. Inclusion criteria were as follows: voluntary consent to participate in the study, residence in a socioeconomically deprived district of Marseille (13th, 14th, or 15th district), involvement in household food purchases, and financial difficulties as assessed by social workers. All participants gave written informed consent to participate in the study. No institutional review board approval was required for this research, as stated by the French South-Mediterranean Ethical Research Committee (Comité de Protection des Personnes Sud-Méditerranée), which reviewed the Opticourses intervention protocol. This trial was registered at clinicaltrials.gov as NCT02383875.

Co-construction of the protocol and tools
-----------------------------------------

To maximize its effectiveness, the intervention was designed on the basis of the principles of co-construction and participative research. Participants were involved in the elaboration of the intervention, in order to implement a nonbinding, playful intervention tailored to the target population. This co-construction approach integrates the principles of health promotion ([@b28]) and social cognitive theory ([@b29]) and was applied to develop the protocol and the tools of the intervention and evaluation process. The intervention tools were developed through an iterative process as follows ([**Figure 1**](#fig1){ref-type="fig"}): *1*) initial proposition of a tool by the research team, based on operational objectives, participants\' expectations expressed in early workshops, estimated feasibility, and cost; *2*) design of a first version by the research team; *3*) testing of the first version by the participants during the workshops; *4*) collection of both qualitative (understanding, participants\' opinion, and time of use) and quantitative (test answers and consistency of results) information; *5*) development of improved versions that were retested; and *6*) validation and finalization. Different versions of the intervention protocol were also tested in the co-construction stage. The standardized tools and protocol were then used in the intervention stage.
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Intervention
------------

The Opticourses workshops aimed to guide participants toward household food purchases of good nutritional quality at no additional cost, building on better knowledge of food groups and nutritional quality of foods, awareness of foods combining good nutritional quality with a "fair price," knowledge and know-how sharing among participants (discussions on "tips and tricks," beliefs about food, recipes, etc.), collection of all of the household food supply over a month ([@b26]), and advice based on the analysis of actual participants\' food purchase practices.

The standardized protocol resulting from the co-construction stage took the form of five 2-h workshops held every 2 wk, except for the last workshop (mainly dedicated to evaluation), which was held 1 mo after the fourth workshop. Workshops comprised group sessions (6--12 participants) organized in the community or health and care centers and were led by a professional (C Dubois, A Maidon, and MS Sangolo-Gaubard) in health promotion and nutrition and dietetics. An assistant (A Lesturgeon) took charge of data collection and helped conduct the workshops. The workshops were built on real food purchases, including participants\' household purchase receipts that they collected over a month. Complete information on the Opticourses program content was provided during the first workshop, so that individuals who were not interested could decide whether to attend the subsequent workshops. Workshop participants engaged in several activities. For example, they discussed food purchase strategies and played a food group categorization game that shared information on characteristics of food groups. Participants also received information on the nutritional quality of foods by playing a game in which foods were classified into 4 nutritional quality classes based on the SAIN,LIM (score of nutritional adequacy of individual foods, limited nutrient score) nutrient profile system ([@b30]). An overview of the notion of nutritional quality for price (NQP) based on 2 tools: a list of foods with both good nutritional quality and a low price within each food group, and a "fair price booklet" tool ([@b31]), which included a list of foods with good nutritional quality and the price below which the product could be considered as relatively inexpensive. Participants analyzed real food purchases by playing a game in which they classified food expenditures by food groups. Finally, participants worked on their beliefs about food by playing a tasting game in which they blindly compared the taste of commonly consumed foods of equivalent nutritional quality but of different prices and brands. During the fourth workshop, the research team analyzed participants\' monthly household food receipts and then provided individual feedback on the nutritional quality of participants\' food purchases and the contribution of each food group to total food expenditure, and provided advice to participants on how to improve the nutritional quality of their food purchases at no additional cost.

Quantitative evaluation
-----------------------

### Evaluating the impact of the intervention on knowledge.

Two tools were developed to evaluate the intervention\'s impact on participants\' knowledge: the food group test and the NQP test. Participants took both tests voluntarily before and after the intervention. In the food group test, participants were asked to assign a color code (e.g., green for fruit and vegetables, blue for dairy products, etc.) to 14 food pictures. In the NQP test, 10 pairs of foods were presented to participants and each pair comprised foods that differed in their NQP. Each pair was composed of similar foods with a similar price but different nutritional content (e.g., whole-grain sliced bread at 1.75€/kg or white sliced bread at 1.73€/kg), foods belonging to the same food group with similar prices and different nutritional quality (e.g., canned chickpeas at 1.62€/kg or frozen fried potatoes at 1.64€/kg), foods with similar nutritional quality but different prices \[e.g., 2 types of potato flakes at 3.90€/kg (national brand) or 1.78€/kg (discount version)\], or 2 different foods (i.e., of different nutritional quality) that were consumed similarly during meals (e.g., sweet flan at 2.60€/kg or fruit compote at 2.75€/kg). Participants were instructed to pick the food in each pair that they would advise a friend to buy when the friend wants to balance his or her food purchases with a limited budget. For both tests, a global score was computed as the total points obtained from correct answers (wrong or nonresponses were ignored).

### Evaluating the impact of the intervention on food purchasing behavior by using experimental economics.

A catalog of 300 food items (<http://www.opticourses.fr/node/24>) was specifically developed for this study, based on prices and pictures of foods collected a few months before the intervention from a supermarket located in the participants\' neighborhood. Each page displayed pictures of the front of the food packages, unit prices (expressed in €), and prices per kilo, as done in supermarket advertising catalogs. Use of the same catalog ensured that participants were faced with the same supply and diversity of foods throughout the study. Foods were grouped in the catalog according to a retail-based categorization (22 categories; **Supplemental Table 1**). Participants then selected foods for the next 2 d for their household, based on food items featured in the catalog. This selection constituted a food purchase intent. Similar to their regular shopping, participants were free to choose the nature and amount of food they wanted to select. To avoid potential bias related to the declarative nature of these purchase intents, the task was made incentive compatible by informing participants that they could earn a 10€ coupon if their next food purchases in a real store reflected their purchase intent during the experiment. They were thus prompted to shop in the experiment as they would in a real food store. At the subsequent workshop, participants\' shopping receipts for their real food purchases were compared with their experimental food purchases. To obtain the coupon, participants\' shopping receipts had to feature ≥6 items corresponding to the experimental purchase intents. This incentive aimed to assess true changes in food purchasing behaviors by limiting the effects of social desirability (i.e., when participants direct their choices to please or impress the workshop facilitator). Workshop participants (intervention group) took part in 2 experimental sessions (at the first and last workshops), and changes in their experimental purchases were compared between baseline and endline. In addition, to assess whether having already performed the test affects the experimental purchases of the subsequent session, a control group composed of 23 participants who were recruited in the same community centers but did not participate in the workshops also took part in 2 experimental sessions of food purchase intents at 3-wk intervals (baseline and endline), based on the same instructions and protocol as workshop participants (i.e., using the catalog and incentive with coupon).

Our hypothesis was that workshops could help improve the balance of food purchases (and consequently, their nutrient content), with no additional cost. Thus, the nutritional characteristics of the experimental purchases were assessed at both the food group and nutrient levels. For that purpose, each food in the catalog was associated with a nutritional composition for 100 g of food as consumed based on the French Centre d\'Information sur la Qualité des Aliments database (<https://pro.anses.fr/tableciqual/index.htm>), which lists the nutritional composition and edible portion of French food products. Total weight (expressed in g ⋅ d^−1^ ⋅ person^−1^) and total energy content (expressed in kcal ⋅ d^−1^ ⋅ person^−1^) were estimated for each experimental purchase by summing the weight (as consumed) and energy content of all of the foods and drinks selected and dividing it by the number of household members and days for which purchases were planned. In addition to the classification into 22 categories relevant to the retail environment, as mentioned previously, all foods in the catalog were classified into the following 8 groups derived from the French National Nutrition and Health Program: *1*) starch, *2*) fruits and vegetables, *3*) meat, fish, and eggs, *4*) dairy products, *5*) fats, *6*) foods high in fat, salt, and sugar (HFSSs), *7*) mixed dishes, and *8*) juices and soft drinks ([@b32]). The contribution of these 8 food groups to total food purchases was estimated in weight and energy. Water was excluded from all analyses because participants consumed mainly tap water.

We used the mean adequacy ratio and the solid energy density (SED) to assess the nutritional quality of the experimental food purchases, as previously described by Vieux et al. ([@b33]). In addition, 3 nutrients to be limited were also assessed (namely sodium, SFAs, and free sugars). The nutritional quality assessment methodology is fully described in the **Supplemental Methods** and **Supplemental Table 2**.

Based on experimental food purchases selected by the participants and food prices from the catalog, we estimated the total expenditure (expressed in € ⋅ d^−1^ ⋅ person^−1^) and energy cost (expressed in €/2000 kcal) for each experimental food purchase.

Qualitative evaluation
----------------------

How participants perceived the impact of the workshops on their food purchases was assessed by a qualitative evaluation. An external evaluator conducted individual semidirected interviews and one group interview 1 mo after the intervention, using an interview grid that included questions about the modification of food purchases. These interviews were proposed to participants coming from the different community or health centers, yielding a subsample of 19 interviews. Interviews were recorded using field notes and were transcribed. Interview transcripts were analyzed using conventional content analysis ([@b34]) and categorized thematically.

Statistical analysis
--------------------

Descriptive and statistical analyses were performed using SAS software (version 9.4; SAS Institute). Sociodemographic characteristics were compared between workshop participants who performed the experimental economics quantitative evaluation (evaluated intervention group) and those who did not (nonevaluated intervention group) and between the intervention and control groups using the nonparametric chi-square test for qualitative variables and the Mann-Whitney test for continuous variables. Within the evaluated intervention group, the food group test scores, NQP test scores, and nutritional characteristics and food composition of the experimental purchases were compared between baseline and endline (i.e., before and after the intervention) using a paired *t* test and a generalized linear mixed model for repeated measures (with a compound symmetry covariance matrix) adjusted for age, sex, financial situation, number of individuals in the household, and number of children. Within the control group, the nutritional characteristics and food composition of experimental food purchases were compared between the first and second sessions of experimental food purchases (i.e., baseline and endline) using paired *t* tests and a generalized linear mixed model for repeated measures adjusted for age, sex, financial situation, and number of individuals. Effect sizes (*d*) for dependent groups ([@b35]) were computed for significant variables. Significance was set at 5% (*P* \< 0.05) for all tests.

Results
=======

Population characteristics
--------------------------

In all, 96 individuals (9 groups, 8 centers) participated in the co-construction stage (from September 2012 to April 2013), and 93 people (14 groups, 7 centers) then took part in the intervention stage. The site 1 intervention started in April 2013 and the site 7 intervention ended in June 2014. Thirty-five people took part in the evaluation of knowledge and in the food purchase experiment (i.e., 38% of the intervention participants); 23 other individuals (3 sites) also took part in the food purchase experiments but did not participate in the workshops (control group) (**Supplemental Figure 1**). Sociodemographic characteristics were not significantly different between the workshop participants who completed the evaluation and those who did not ([**Table 1**](#tbl1){ref-type="table"}). Evaluated workshop participants were mainly women (77%; mean age: 51 y; mean number of household members: 3.1 including 1.3 children); 44% declared severe financial difficulties ([Table 1](#tbl1){ref-type="table"}). Sociodemographic characteristics were not significantly different between evaluated workshop participants and the control group, except for age, which was significantly lower in the control group (45.4 compared with 50.9 y; *P* = 0.038) ([Table 1](#tbl1){ref-type="table"}). Participation rates in the 5 workshops varied ([**Figure 2**](#fig2){ref-type="fig"}): 94% of intervention participants attended the first workshop, and the participation rate then remained relatively stable (40--48%) over the other 4 workshops.

###### 

Population characteristics[^1^](#tblfn1){ref-type="table-fn"}

                                               Intervention (*n* = 93)                                                    
  ------------------------- ------------ ---- ------------------------- ---- ------------- ---- ------- ------------ ---- -------
  Age, y                     48.4 ± 7.7   67         50.9 ± 11.2         34   47.0 ± 13.0   27   0.094   45.4 ± 9.6   23   0.038
  Total in household, *n*    3.7 ± 2.0    62          3.1 ± 1.8          35    2.3 ± 1.4    25   0.080   3.3 ± 1.6    23   0.186
  Children, *n*              2.0 ± 1.7    59          1.3 ± 1.5          35    1.2 ± 1.4    22   0.941   1.6 ± 1.3    23   0.135
  Women                         80.0      96            77.1             35      70.7       58   0.496      91.3      23   0.163
  Financial situation                     48                             34                 17                        23  
   Stable                       12.5                    11.8                     17.7            0.770      13.0           0.932
   Precarious                   52.1                    44.1                     47.1                       47.8          
   Severe difficulties          35.4                    44.1                     35.3                       39.1          

Values are means ± SDs or percentages unless otherwise indicated.

*P* values were determined from a chi-square test of homogeneity for qualitative variables and a Mann-Whitney test for continuous variables to test differences between participants who did and did not complete the evaluation.

*P* values were determined from a chi-square test of homogeneity for qualitative variables and Mann-Whitney test for continuous variables to test difference between evaluated intervention participants and controls.

![Participation rate at each workshop during the intervention stage (*n* = 93).](cdn001107fig2){#fig2}

Impact on knowledge
-------------------

Food group test scores were significantly higher after the participative workshops than those obtained before the intervention (13.2 ± 1.8 and 12.1 ± 1.9 respectively; *P* \< 0.01). NQP test scores were not significantly different before and after the intervention (6.6 ± 1.4 and 6.9 ± 1.6, respectively; *P* = 0.30).

Impact on food purchasing behavior: experimental economics evaluation
---------------------------------------------------------------------

[**Table 2**](#tbl2){ref-type="table"} shows the nutritional characteristics and cost of experimental food purchases of workshop participants before and after the intervention. The energy content of the experimental food purchases significantly decreased by 38% after the participative workshops (5114 compared with 3385 kcal ⋅ d^−1^ ⋅ person^−1^; crude and adjusted *P* \< 0.01), as did food expenditures (9.73 compared with 7.22€ ⋅ d^−1^ ⋅ person^−1^; crude and adjusted *P* \< 0.01). However, energy cost remained unchanged. The SED decreased from 128 kcal/100 g to 119 kcal/100 g after the intervention (crude *P* \< 0.04; i.e., a reduction of 7.6%), but the significance was lost after adjustment. The mean adequacy ratio did not change significantly. The energy contribution of free sugars decreased significantly from 8.5% to 5.8% (crude and adjusted *P* \< 0.01), whereas that of SFA and sodium content expressed for 2000 kcal remained similar. The contribution of food groups to the total energy of the experimental purchases was significantly different at baseline and endline ([Table 2](#tbl2){ref-type="table"}). The percentage of energy from the HFSS group was halved (from 11.0% to 5.5%; crude and adjusted *P* \< 0.01). In parallel, a decrease occurred in the energy contribution from fruit and vegetables (from 10.1% to 13.6% of total energy; crude *P* = 0.03) and from meat, fish, and eggs (from 15.8% to 21.1% of total energy; crude *P* = 0.02), but the statistical significance of those changes was lost after adjustment (adjusted *P* = 0.06 for both food groups). Based on the classification proposed by Cohen ([@b36]), the calculated effect sizes were medium for energy content (*d* = 0.5) and energy contributions from proteins (*d* = 0.6), free sugars (*d* = 0.5), HFSSs (*d* = 0.5), and meat, fish, and eggs (*d* = 0.5). Effect sizes were small for food expenditure (*d* = 0.4), SED (*d* = 0.3), and energy contribution from fruits and vegetables (*d* = 0.4) ([Table 2](#tbl2){ref-type="table"}).

###### 

Nutritional and cost characteristics of experimental food purchases of workshop participants (*n* = 35) before (baseline) and after (endline) the intervention[^1^](#tblfn4){ref-type="table-fn"}

  Characteristic                                 Baseline       Endline      *P* [^2^](#tblfn5){ref-type="table-fn"}   Adjusted *P*[^3^](#tblfn6){ref-type="table-fn"}   Effect size[^4^](#tblfn7){ref-type="table-fn"}
  ------------------------------------------- -------------- -------------- ----------------------------------------- ------------------------------------------------- ------------------------------------------------
  Energy, kcal ⋅ d^−1^ ⋅ person^−1^            5114 ± 3883    3385 ± 2374                    \<0.01                                        \<0.01                                             0.5
  Expenditure, € ⋅ d^−1^ ⋅ person^−1^          9.73 ± 7.10    7.22 ± 4.78                    \<0.01                                        \<0.01                                             0.4
  Energy cost, €/2000 kcal                     3.03 ± 1.45    3.44 ± 2.00                     0.30                                          0.36                        
  Solid energy density, kcal/100 g             128.4 ± 25.5   118.7 ± 30.1                    0.04                                          0.10                                              0.3
  Mean adequacy ratio, % adequacy/2000 kcal     81.3 ± 8.5     82.1 ± 7.4                     0.56                                          0.42                        
  Proteins, % of total energy                   18.7 ± 4.3     21.5 ± 5.6                    \<0.01                                         0.02                                              0.6
  Carbohydrates, % of total energy              52.7 ± 9.7    49.7 ± 10.7                     0.11                                          0.08                        
  Free sugars, % of total energy                8.5 ± 6.0      5.8 ± 6.1                     \<0.01                                        \<0.01                                             0.5
  Fats, % of total energy                       25.5 ± 7.1     25.4 ± 8.1                     0.94                                          0.65                        
  SFAs, % of total energy                       10.7 ± 3.9     10.6 ± 4.2                     0.95                                          0.72                        
  Sodium, mg/2000 kcal                          2038 ± 430     2182 ± 754                     0.20                                          0.13                        
  Food group, % of total energy                                                                                                                                         
   Fruits and vegetables                        10.1 ± 5.8    13.6 ± 10.0                     0.03                                          0.06                                              0.4
   Starch                                      43.4 ± 19.7    40.8 ± 19.0                     0.44                                          0.47                        
   Meat, fish, and eggs                         15.8 ± 9.1     20.1 ± 9.6                     0.02                                          0.06                                              0.5
   Mixed dishes                                 1.9 ± 3.3      2.6 ± 4.8                      0.29                                          0.13                        
   Dairy products                               12.3 ± 7.7     13.2 ± 9.2                     0.56                                          0.43                        
   Foods high in fat, sugar, and salt          11.0 ± 12.0     5.5 ± 11.0                    \<0.01                                         0.01                                              0.5
   Drinks                                       3.9 ± 3.8      2.9 ± 4.1                      0.11                                          0.15                        
   Fats                                         1.6 ± 2.3      1.3 ± 2.5                      0.55                                          0.63                        

Values are means ± SDs or percentages.

*P* values were determined from a paired *t* test.

Adjusted *P* values were determined from a mixed model adjusted for age, sex, financial situation, number in household, and number of children.

Calculation of the effect size (Cohen\'s *d*) for dependent samples was described elsewhere ([@b35]).

In the control group, none of the characteristics of experimental food purchases were significantly different between the 2 sessions (all *P* \> 0.05; [**Table 3**](#tbl3){ref-type="table"}). In particular, the mean energy content was 4523 and 4711 kcal ⋅ d^−1^ ⋅ person^−1^ at baseline and endline, respectively (*P* = 0.71).

###### 

Nutritional and cost characteristics of experimental food purchases of the control group (*n* = 23) during the first session (baseline) and the second session (endline)[^1^](#tblfn8){ref-type="table-fn"}

  Characteristic                                 Baseline       Endline      *P* value[^2^](#tblfn9){ref-type="table-fn"}   Adjusted *P* value[^3^](#tblfn10){ref-type="table-fn"}
  ------------------------------------------- -------------- -------------- ---------------------------------------------- --------------------------------------------------------
  Energy, kcal ⋅ d^−1^ ⋅ person^−1^            4523 ± 2924    4711 ± 2747                        0.71                                                0.63
  Expenditure, € ⋅ d^−1^ ⋅ person^−1^          8.75 ± 5.13    8.84 ± 4.43                        0.90                                                0.94
  Energy cost, €/2000 kcal                     3.17 ± 1.38    3.06 ± 1.36                        0.77                                                0.71
  Solid energy density, kcal/100 g             136.8 ± 23.9   136.3 ± 20.3                       0.91                                                0.90
  Mean adequacy ratio, % adequacy/2000 kcal     80.2 ± 7.2     80.9 ± 6.2                        0.56                                                0.77
  Proteins, % energy                            17.1 ± 4.8     17.5 ± 3.2                        0.61                                                0.91
  Carbohydrates, % energy                       49.9 ± 8.0     50.6 ± 7.4                        0.74                                                0.56
  Fats, % energy                                30.2 ± 5.8     29.2 ± 5.9                        0.55                                                0.61
  Free sugars, % energy                         11.4 ± 4.5     11.7 ± 5.1                        0.79                                                0.74
  SFAs, % energy                                13.6 ± 3.6     12.9 ± 2.9                        0.43                                                0.79
  Sodium, mg/2000 kcal                          1976 ± 460     1887 ± 310                        0.23                                                0.55
  Food group, % of total energy                                                                                            
   Fruits and vegetables                        8.7 ± 6.0      8.0 ± 5.3                         0.39                                                0.39
   Starch                                      34.3 ± 10.4    35.2 ± 13.5                        0.82                                                0.82
   Meat, fish, and eggs                         11.4 ± 7.7     12.2 ± 7.2                        0.51                                                0.51
   Mixed dishes                                 3.3 ± 3.5      3.4 ± 3.0                         0.93                                                0.93
   Dairy products                               15.3 ± 5.1     16.3 ± 5.0                        0.52                                                0.52
   Foods high in fat, sugar, and salt           18.4 ± 8.7    17.0 ± 11.2                        0.56                                                0.56
   Drinks                                       5.7 ± 3.1      5.6 ± 3.6                         0.79                                                0.79
   Fats                                         2.9 ± 2.5      2.4 ± 2.4                         0.44                                                0.44

Values are means ± SDs or percentages.

*P* values were determined from a paired *t* test.

Adjusted *P* values were determined from a mixed model adjusted for age, sex, financial situation, number in household, and number of children.

Qualitative evaluation
----------------------

Analysis of participants\' declarations highlighted their improved knowledge about the nutritional quality of foods (e.g., the difference in nutritional quality between potatoes and vegetables, and between sweet dairy desserts and yogurts) and their awareness of the share of their food budget allocated to the different food groups. Of the 19 participants interviewed 1 mo after the intervention, 15 gave concrete examples indicating how they had modified their food purchasing behavior. The analysis of participants\' declarations identified 3 types of modification: changes in the type of foods purchased, changes in purchasing attitudes and strategies, and changes in culinary practices. Among changes in the type of foods purchased, soft drinks were the most frequently cited: 1 person in 3 declared that he or she had reduced or even stopped purchases of sodas or replaced purchases of fruit "nectars" (i.e., sugared fruit juices) with fruit juices. Other modifications of foods purchased were expressed in terms of quantity (e.g., increased purchases of legumes or fruits and vegetables) and quality (e.g., substitution of white bread with whole-grain bread). The changes in purchasing attitudes and strategies included more attention paid to labeled information (product composition and price per kilo), changes or diversification of purchasing points, improved opinion of cheaper brand products, retrieval and purchases of these products, and better control of the food budget. Changes in culinary practices included cooking at home or cooking differently (e.g., less fat, more vegetables). The following synthesis of transcripts illustrates the different modifications to food purchasing behaviors:

> 51-y-old woman: Now, after shopping for food, I still keep the receipts. They help me check if I\'ve managed my budget well. I look at the price per kilo of foods and don\'t get confused with orange juices anymore (sugar and fruit). I\'ve bought canned fish, and several times I\'ve prepared some lovely dishes with raw vegetables and sardines. When I\'m cooking starches, I add some fresh vegetables. I shared the tips and tricks with my friends who by the way have noticed that I\'ve changed the way I cook.

> 46-y-old woman: I buy too much fat, I\'ve cut back a bit. I buy more fruit and vegetables, it doesn\'t get too expensive for me, I do my shopping at Noailles \[very popular market in the center of the town\]. I already used to, but I wasn\'t buying much fruit and legumes. I also buy more legumes (red beans and lentils). I used to shop at Dia or Simply markets and now I go to Carrefour, the other participants told me it\'s less expensive and it\'s true. I pay more attention to labels and especially the price per kilo.

> 51-y-old woman: I buy cheaper brand products, before I never did because I thought they were poorer quality. I know how to tell the real juices from the ones with only sugar: I buy the real ones and I don\'t buy sodas anymore. I buy whole-grain bread instead of white bread. For minced meat, I look and I take no more than 12% fat, 5% I can\'t, it\'s too expensive. I\'ve changed many things, I spend 330€ (per month) instead of 360€ before, so it\'s a bit cheaper and I\'m purchasing better things. I use more different oils, I like canola oil, I blend them. I also try to add less salt. I used to buy a lot of sweet products. I buy a bit more fish, beef and chicken and less pork. I diversify shops a bit (Aldi, Leader Price) but I don\'t have a car, it\'s not easy.

Participants were able to analyze their own food purchases and identify ways to improve them, as supported by several transcripts:

> Group interview: I realized the burden of sweet products in my food budget.

> 59-y-old woman: For me it\'s easy since I save money and it\'s a true motivation.

> Group interview: Now I look at what I purchase, I used not to necessarily.

> 42-y-old woman: I look differently when I do my shopping.

> 53-y-old woman: I look at labels more carefully, especially the price per kilo.

Discussion
==========

This study shows that co-constructed participative workshops based on recreational and entertaining activities around food purchase practices and nutritional quality and price of foods can favorably change the food purchasing behaviors of individuals in deprived social situations without significantly increasing their food expenditure. Interviews revealed 3 types of change in purchasing behaviors: changes in the type of foods purchased, changes in purchasing attitudes and strategies (attention paid to label information, purchasing points, and opinion on cheaper brand products), and changes in culinary practices. Quantitative evaluation of the intervention was performed on food purchase intents using experimental economics to limit social desirability bias. Unlike controls, workshop participants decreased the total energy of their experimental food purchases (toward more realistic energy levels), suggesting a better ability to assess the needs of their households for 2 d and adapt purchases accordingly. The evaluation also showed that the intervention improved food purchasing behaviors, as indicated by the decreased energy contribution from free sugars and from products high in fat, salt, and sugar and the nearly significantly increased energy contribution from fruit and vegetables (adjusted *P* = 0.06) at the endline in the intervention group only, and at no additional cost.

Similar reductions in the total number of calories purchased were previously observed in low-income families in the United States who received home-based nutrition education sessions ([@b37]). To our knowledge, most individual-directed interventions to promote healthy eating are based on activities around food consumption or cooking skills ([@b38]--[@b40]). Yet changing food consumption behavior implies changing food purchasing behavior. One strength of our study was the use of food purchases and prices as an entry point to address the question of a healthy diet with individuals in deprived social situations. Implementing workshops on food purchases (a major daily, tangible concern for this population), rather than on food intake, can induce stronger motivation among participants, which is a success factor for interventions in health education ([@b6]).

Many population-directed policies designed to improve the nutritional quality of food purchases rely on enhancing access to information ([@b41]). The underlying assumption is that people act rationally when making food choices. In economic terms, rationality means that consumers maximize their lifetime happiness when they allocate their scarce resources of time and money ([@b42]). Nonetheless, various studies have shown that the provision of nutritional information has moderate effects ([@b41], [@b43]--[@b46]). The main reason may be that consumers do not behave as homo economicus or "economic man," i.e., a rational and self-interested agent who seek optimal, utility-maximizing outcomes ([@b47]). For instance, consumers have a limited capacity to process information and may even be distracted when provided with additional information ([@b48]). In that respect, the Opticourses workshops focused on tacit knowledge (know-how) rather than explicit knowledge (know-what). By sharing tips and tricks on food purchasing (fair price booklet, real purchase analyses), the intervention provided participants practical knowledge on how to build healthy diets. By doing so, the Opticourses workshops provide participants with the necessary tools for fast and frugal food decision making, allowing the construction of healthier diets despite bounded rationality ([@b49]).

Different reports and studies explored the levers for effective interventions on diet, particularly for socioeconomically disadvantaged populations ([@b6], [@b7], [@b20], [@b38]--[@b40], [@b50], [@b51]). A WHO report assessing the evidence on effective interventions on diet and physical activity ([@b7]) underlined that multicomponent interventions adapted to the local context and involving participants in the planning and implementation stages were found to be the most successful. Co-construction was a key component of the present study to engage participants, with specific attention given to the format of the intervention to make it playful with multiple, diversified activities and reachable goals. Empowerment is known to be a success factor in nutrition health promotion ([@b50]). This is particularly true for vulnerable populations, who are more prone to low self-esteem ([@b20]). The present workshops enabled participants to appropriate tools and knowledge to act favorably on their purchases, thus enhancing autoefficacy and self-esteem. Moreover, conducting the intervention in the form of group workshops has been identified as a key lever to improve the effectiveness of interventions promoting nutrition and physical activity among socioeconomically disadvantaged populations ([@b51]).

Interventions promoting healthy eating are generally evaluated through self-reported and thus potentially biased dietary intakes or behaviors ([@b40], [@b52]). The experimental economics approach has been used in public health and nutrition to assess food taxes ([@b15]) and labeling policies ([@b17]). To our knowledge, the present study is the first to implement this approach in an innovative way to evaluate the impact of a nutritional intervention in a real-world setting. Experimental economics limits social desirability bias and thus reveals true consumer preferences by using incentive mechanisms ([@b53]). In addition, placing participants in controlled conditions (as close as possible to those of the real world) ensured that the observed changes in purchasing behavior were not influenced by modifications in the purchasing environment (diversity and price of food supply, purchasing points, etc.). In addition, the conditions for implementing the evaluation method were tailored for a target population with potentially low literacy skills. Whereas questionnaires could be perceived as demanding, normative, and difficult to fill out, the food catalog and instructions given placed participants in a comfortable day-to-day activity that preserved their self-esteem. The main strength of this study is that it improved food purchasing behaviors despite the limited room for maneuvering in terms of economical means. Participants had a low budget for food, previously estimated at 3.65€ ⋅ d^−1^ ⋅ person^−1^ ([@b26]), which is very close to the lowest cost at which a nutritionally adequate diet can be achieved (∼3.5€ ⋅ d^−1^ ⋅ person^−1^) as estimated by Darmon et al. ([@b9]) and very close to the cost of 2000 kcal of experimental food purchases in the present study. The beneficial changes in food purchasing behaviors could be explained by the anticipation and rationalization of food purchasing, highlighted by the decrease in the total energy of experimental food purchases after the intervention. Workshop participants may have realized the importance of the act of purchase and of purchasing foods rationally rather than automatically or routinely.

The present study has limitations. In the intervention stage, the attrition rate was ∼50% after the first workshop. This was expected, because recruitment is known to be difficult in low-income populations ([@b20], [@b54]). The high attrition rate may reflect a sensible economic decision about the time:benefit ratio of attending the workshops ([@b42]). However, the participation rate in the subsequent workshops (once the participants understood and agreed with the format and contents of the intervention) remained stable, which highlights the importance of providing complete information and engaging people during the first workshop. Another limitation is that the quantitative evaluation was only performed by a subsample of intervention participants, was not randomized, and did not assess the long-term effect of the intervention. However, the participants who carried out the quantitative evaluation (*n* = 35) were not significantly different in terms of sociodemographic characteristics from those who did not (*n* = 58), the specificity of the observed changes was tested with a control group (*n* = 23), and the sample sizes were sufficient to highlight significant differences between the control and intervention groups. In addition, the endline experimental food purchases of the control group were assessed after a shorter interval of time (3 wk) than the intervention group (10 wk). This may have introduced a bias in the design but allowed us to limit the attrition rate that might have been higher in the control after 10 wk. In addition, the evaluation tools were new and not quantitatively validated, but face validity was assessed by researchers and participants who evaluated whether the items were relevant to assess the measured concept, and acceptability and feasibility were tested with the co-construction group. Finally, the effect size was medium or small. However, moderate effects were expected, because it is unlikely that an intervention on its own induces radical shifts in food purchasing behaviors. These moderate effects can support the idea that social desirability bias was limited and that participants revealed true choices.

This study shows that co-constructed participative workshops, based on actual food purchase practices, can guide individuals in deprived social situations toward household food purchases of better nutritional quality without increasing their food expenditure. This study also shows the relevance and feasibility of using experimental economics to evaluate the impact of a public health nutrition intervention conducted in a real-world setting on food purchasing behavior. The "game-like" aspect of the experimental economics approach enables participants to deliver unbiased evaluations while preserving their self-esteem.
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HFSS

:   food high in fat, salt, and sugar

NQP

:   nutritional quality for price

SED

:   solid energy density
